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4 The euuations of motion cf rn alrship encounterirg discrete
UK FOVRAUNE YUSTD UM et kst~ © ° L maenlblag b luron loads are formus 2
iated. The cerodynomiz forces and moments due to the gust and the resulting
motion are derivea rom siender-body theory, Corrections are applied to oo
account for viscous effects. A numerica! exomple is prexented to deteimine -
the response and loads of a typical airshic peneiraiing o discrere one-minus~
cosine gust and randon: *wbulence. The discrate gust results indicats that
critical loads on the en.<slope and tail ore caused by a gust length equal to L
the length of the airship. Tha random gust resuits indicate that the critical
scalo of turbulence 1s also appraximataly one sirship length. On the be:ls .

L¥ |
of these computations a rational pracedure in oirship gust load criterio is :
proposed. -
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. INTRODUCTION .

-
N S

1.1 Historical Background

L
.

T Wencoa
e

Pravious work on gust load analysis of airships is lim*ted and

v

scottered. The earliest significznt investigarion in this fie!d was conducted

e ke T
S A

by Munk {Refs, 1 and2) who usad potentiai-theory to calculate vhe forces *

X

R

and moments on airship hulls in stoady flow, Further theoretical treatmenss
using non-viscous theories were pursued by Zohm (Ref. 3) and Upson and
Kli<off (Ref. 4) who obtained essentially tha same results os Munk. Some

IO AP X

RN

. early applicctions of Munk's potential theory in determining ?b_e loads im- : ;:K
posed by gusts on rigid airships are presented in kefs. 5 through 7. '; ; , 3
: An early atiock on the origin of ihe forces acting on dy cf \ ., ; i
revolution wos made by Harrington in Ref. 8. Harrington determined experi- ) ‘é
mentally the distributicn of verticity in the waka of tha body from which he } %t.
wos able to calculote the lift by using Prandtl's lifting~line theory. His K "3’:’:
results compored fovorably with measured values. Ir 1938 Kuyethe (Pef. 9) '3';

used a water tank ‘o determine the forces and moments on a model of the

Akron-Macon class fiom the recorded lateral and pitching occe!erohom of
the center of buoyancy, A gust with a velncity gradient was simulated by o
flow in a channel normol to the path of the model.

A v s R e
a .

Recent investigations into the nature of the forces acting on bodies
. of revolution were conducted by Alien and Perkins (Ref. 10) ond rafined by
Kelly (Ref. 11) who determined the normal force and pitching moment for

[

. angles of attack beyond the range of potential theory. Their method con- i
sidered the additional force generated by the viscosliy of the cross-flow and i
their results agreed well with experiment, At cbout the same time Hill{Ref, 17) "
ASRL TR 72-1 1 ;
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developnad a theory by which the louding was p:-dicted by replacing the

body surface with o vortex sheet,

investigations of the 1ift and moment acting on a slender body
performing unsteady motion weore conducted both theoretically ond experi-
Foss ‘Ref. 14) deter-

mined expressions for the growin of lift and moment acring on a slender body

mentally by Ashley, Zortarian and Neilsor (Re'. 13).

as it penetrotes a discrete gust,

- .

eoiuliut mveligation of airship gust loading
wae <onducted by Flomenhoft (Ref. 15) whe determined the trarsient motion

of on airship in response to discrate gusts striking the fins,

1.2 Chiec

t of the Presens Investigotion

Current design mathods for present day airships are based
primarily on sami-empirical techniques. The envelnpe and fins cre designed
using the concept of a sharp-edged gust applied directly to the stern of the
16).

resulting from the grodual penetration of the envrlope into a gust front is

airship {Kef. A more realistic onalysis contidering the transient effect-

not gtilized.

It is the purpose of the present investigotion to opply the new
techniques which have baen developad for airplanes to the response of air-~
ships to gusts. The gradual penetration of the airship into the gust front
wiii pe comicered and e resuiting resnomses and loods detarmined. Recant-
ly, the opplication of ganeralizad harmonic onalysis to the gust respomse of
airplanes has enjoyed some measure of success.  The dotermination of the
response of aiuhim ta.random gust disturbances cppears to be more appro-
priate <in berouse of its latge relative lengt, the airship way possibily

encoutter a succession of gusts rather than a single “critical gust™.

The loads acting on o typical airship experiencing discrete

and random gust disturbances w .| be determinad cnd rompared to the lon-
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obiagined by the semi-empirical approach. n the busis of these cal-

=
St
-
o
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cJlations, criticai design parameters for the anvelope and empennage

e

»w
T

of non-rigid airships zurrently in operation will he derived.
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CHAPTER |t

[QUATIONS OF MOTION

The present problem is to detarmine the vesticol and pitching
motions ond the siructural loads of an airship resulting fom o verticol gust
disturbance WG . This gust is comidared 1iniform in the direction normal
. to the plane of motion of the airship. It is fur,her assumed that during gust

sncounter the controls of the airship remain tucked and its fornerd velocity A “

\'o is constani,

4 The _cordinate system of the oirship in a disturbed con 'ition )
i;;'( is shown in Figure | where h is the vertical displacement of the center of
¢ A grovity and @ the pitch cngle, defined posiiive us siuw. . L&t blx, t)
2:: be the distributed locding acting cn the aiishiz, ther, tor equilibrium in :
E?‘E* the vertical direction :"ng‘
::'- -/ — - 1);
3 pix, t)dx = o v

body (2.1) L

and for guilibrium of moments ubout the center of grovity

£ ~r —
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(Xeg = n) wrex, ) fx = ©
body

t

20

{
&
S

o TP

(2.2)

the distributed loading is derived Jom q_consideration of the disturbance,

T3
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motio., and inertia forces acting onthe airship and may b= writiea oy A
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where '/Ik and ~*“&/JX are the distributec oerodynamic-rorc.s
dus to motion ond disturbance cnd m(x) is the distributed mass of the air-
ship. Substituticn of Bq. {2.3) into Tas. (2. 1) and (2. 2) results in the

following statements of equilibrium:

/%»A = /[,, + Jé")c[x :[,q "'Z’G
60/),’,1( A x

N
©
i

/ch;*x)/‘”’” . -/éc—}r/,y M, ¢ M.
X Fx/
‘o/y

where MQ is the mass of the airship ond Iy the pitching moment of inertia

about the center of gravity,

2.1 Aevodynomic Forces Due to Motion

2.1.1 Lift Due to Motion

The aerodynamic forces and momsnts acting on the airship
performing unsteady motions will be ¢.rived by linecrized slender-bedy
theory, Slender-body theory was first applisd by Munk (Ref. 1) to the

zaleulation of the force: on airship hulls urd later axtanded by R, T. Jones
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= to slender wings in steady flow, Ref. 18. An oxcellent review of its de..c-p- ¢
E 7 ment and applications is given in Refs, 19 and 20. The major ussumption made Dy,
:: F in slender-body theocy is thot the momentum of the flow in a plane norme! to

the free stieam is the same as if this flow ware two-dimensional. This astump-
tion implies that the voriciions of the gsemeatrical properties of the body in
the strenm direction are «mall and, aho, that the angle of attack ond resu!*ant . :f
motions be restricted to small amplitudes. Thka force per unit uxicl distan: e ‘
0CHINg O 18 by b St 1. iha v Bint==tisl tima rmta Af ~hange of the mem~

entum of the cross-flow. Referring to Figure 1 and assuming the angle of nttack, ‘
al(x,t) , tobesmall, the velocity of the cross-fl'ow ot section A-A i :
voo(x ,+) ond the momentum is /0 f](x)Voq(x, t) , whire /'

is the mass density of the fluid, f (x) tha apporent area of the cross-se<tion,

¥ and V _ tha fres stream velocity. Therefore, the force per uait distance act-

u ing on ?he oirshp becouse of its mnﬂon, positive upwurd, is o

- ~ -

F
Al

5 s B phmixent)

~—

X
N e
W TR W

7.
o

- A

- @y

Within the limitations of slendar-body thacry, the substential derivative hos
the forn (5‘% £ ‘{5«'2 and Eq.\}(?. 6) bacomes

';"".*-?"?- '-’;Wf’:‘?’i’.i,’_? K4 B m «:1:11;:-33—?7"
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where the angle of attack at each cross-saction Is

o(i5,6) = O - & (x-x.,]6 |
Y v -'j
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Substituting Eq. (2. 5) into By.(2.7) ond different!zting, the Iift due to

motion per unit length Is D

~———

jﬁﬂ - 2; /9 -£ //(ﬁ) * v 9 ? [{x‘#(x_x )jf(ﬂ >

pe s

.
e N N

A fo) — B (Xeg—x)f(x)
‘{8 %2 e

2,
L | (2.9
where ¢ = ZpVe . Integrating Bq. (2.9) clong the lergth of the
airship, the total 11ft due to motion is

L = 2/{/[9-_5_)“'}7. ’ ‘_‘/?[//"/T /)’T—ch/]

l Lo é.:

+.0 Loody - 4. /(x}/y' - /(X —x//fr)/
Ve A \{’3 V?/ |
(2.10
in applying the limits of iategration to the firs} and sacond terms of Eq. (2.9)
the yoper limit is token os the location of the saction of maximum span of the
tail fin, u = X1 because the turbulent nature of the flow oft of this
section disrupts the twc—dimensionai Idealization of the cross-flow (Ref. 18).
The quontity /0/{ (x)dx Isrecognized os the apparent mass of the
airship and mcy be written as a multiple of the physica! mass, SgMy
where ko s the coafficient of additional apparent moss In the tranverse

ciraction, The quantity -/( Yee —x}/!l) x 1t opproximately zern
/o ’
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' bec e (x) is symmetricaily distribute i 'bout the center of gravity; !
" : hence the final term ir Bq. {2,10) will be omitted, With these modificat - )
\ Eg. (2.10) may be rewritten as
| - / ‘o A ; 7
Lo =28/ (0~Z000) » 6 ff) Cor-xeo)]
| < vi vi 7T J
[
| - - .
I < AMUO - Mk
f - R
" - - N -
l (z.11)
where (f,‘)T is the value of the appcrent arsa of the cross-section ot !
K = r T . - — - l :
2.1.2 Pitching MomentT)ue to Motion
The pitching moment dua to motian about tha center of gres ity "
Is 4
- . |

Me =] (Xeg-x) £l Ix =
bod, /
y

———

(2.12)

Substituting Eq. (2.9) in Bp. (2.12) and ini2arating up to % = xq as in
Eq. (2.10)
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3 N

The quantity f/ trea-%) £ tidx s the apparent pitching moment b

of inertia of the airship ond moy be rewritten os ka I, + where k3 is the T

coefficient of odditional pitching moment of inertia. Neglecting the lost A

term of E3. (2.13) os in the case for {ift, the v tching moment due to motion P

becomes

' ' :

L4 r Y 'l

My = 20 (a“i.}//,(xjo’x—(x RN Y 4 / 4
; =l A rYeal(4); ]

/0 .

¢

5 2 Y i
"‘—-—-/Y'f"xco} (f:)r "—/, {8 .

Vs ¥

e i
N ’ (2. 14) ;

2.2 Stability Derivative~ from Slender Body Theory - ; i
§ ¥
oy

: By defining coefficienis of |ift-and momentas i ;;':3"
- - L
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the following aerouyriamic ‘ability derivatives are obtained-from Eqs. (2.11)

ond (2. 1 4):

o - z2M8)-

Jd « (Vor) /3

Je 2 (iv-Xeq) 1)
(e Vee
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Voo
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.- Instead of uing stobility derivotives os expressed by Egs. (2.17) '
:; g ' above, values based on current design practice which include viscosity efiects
‘: e may be used. Therefore, a more rational approach ir expressing the 1ift and
: moment due 1o motion ot small cugles of attack, is tc wrte Eqs. (2, 11) ond
3 fEN
b {2.14) os
: Y3 . ' “1
: . Lo = gle) LG (0-L) 4+ gtwj 40 .
£T6) Ny
& * jx/y‘ V‘a "‘—13 ”‘-‘ . :\
S _
" ks - - - 3
" .:t’”. ’ - . ~- ( M
; 3 Mu = g (e) £0a (0 -4) 4 g (Vo) ) :
X . I - Vi - Lot Ve
- /3 [o 9 S

- ~— —

- - - (2.19)

A r-mknn Is given in Tublo ' of the stability derivatives

obtcinad from Em. (2.17) ond by wrni~ompirl =al mean for the nxnmpl- air=~ i
ship of Chopter IV. The theorsilcal values «_ceed the empirical. velues by ' '
Fou
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approximately five to Tiftsen percent, which moy be attributed ta the neglact
of viscosity in siender body theory, The values civen [+ column 8 wili be
used in this report,

- ~ -—

2.1 Aero’ ramic Forces Due to The Gust Disturbance

The lift due to a vertical gust disturbance may be ‘uund by
conside: ing WG(x , 1)} us the cross-flow velocity. Replacing Vo alx,t)
by WG(x 1) in Eq. (2.6), the lift per unit distznce due to the gust dis-
turbonce, positive upward, |

Lle - 2 [pfov) W~(¥ £)
d’x& B Dt// ’ G"'ILJ]

Dt‘

(2. 20)
1t is cssumed rhat the gust profite doss not change with rime but travels olong
the x-direction with a uniform velacity ¥, and ‘s defined by the ralarion-
ship
V{; t) = WG('/pf-—X)
(2.27)
This relarionshin is a solution of the general wove equation and has the prop-
octy
D W fyt-n) = (2 4 Ved ) (Vé-x) =0
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which simplifies Bq. (2. 20) to ettt

L5 & iy

3 §§b

‘ § 0

\ : . ; 4*"

Ilig = p W LLo) zg We W oL 1x) : ;fg

~t' * } - - ‘.. *"&i
.I::‘ " &Y I x % W d’x . "iﬁ
LA Lt
(2.23) ;e

‘ where Wo is the amplitude of the gust profile. Integrating Bq. (2.23), the

-
P e
S g

dy total lift dye to the gust disturbance is -

.
e
-
&
i

o
Free
& A2

W4
g L& = Z)f Wo We (Vb-x) F££0x) Iy
¥ Ve W Ax

e ey k0

(2. 24)

and the pitching moment about the center i grav.!y, positive nose up,

z
S

S
=il

/Vfé =2,l~“-{’—/(;"’-¢c""} Ws- (et ~ v/ f{]{(x/'-/x
b’

“ sy "o S (2 25)
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In terms of the expressions for \""Q/J.( and [('A:/,(',,(
given by Eq. (2 17), Bgs. (2.24) ond (Z.25)-may be rewritten os

. /3 t . ;E

2 Lo = gl 24 w @ . 2

i VA ¢ ; 'I"?

! “;'11

; Men g () Lo e f, .
t LV - C 3
i = (2.26) "3

. ] i

i
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where
4 d h
/i 2 e Ve (Vo - -x) Jf o,
v ) - s
T body W /)( ;;jé
¢ / - g
/10 - (/) XCG" X) W, (V.{-x) /f,fx} X ,Lg
alr W o/ 3
body ’ (2.27) b
As beforms, more realistic valuas for dt’./f/,( and lc“'/a":v(
may be used in Fqs. {2,26) in piace of the volues obtoined by slender-body
theory, Egs. (2.17).
2.4 The Genera! fquations of Motion
The equations of motion of the cirship in disturbed flignt,
Eqs. (2.4) and (2.5}, bacome
o i v dp(. ,’
My (o414 - g () / “0-4 ) lny) e &]
Vo £26) Vi
. l/’
"lg MV 0 =i?(Vo¢) e We ({
ARV “
“’(‘? I ‘{(
To (ro,)8 -}g/;@,, 9- Jv) v (i) LG /:
o('
L2/
2 () 45 wo G
/< v, °
- .. - {2.28)
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These ejuations mey be simplified by Introducireg the nondimensional time
variable A = \4"/14.,, which is the airship langth travelled and inhe
nondimensional vatical displacement T =4 /(_, « In lrcnsformmg to :

the new time varioble 4, the following rnlahomhips aiso hold

.
/

A= L v 4wl

Lt Lt 2,:' .

- /

&= %4 -

Lo

N v a 2 N
& = Ve 9” - - -

e : N
(2.29 "
where ( )' denot ss differentiation with réspect to 4 Forthermore, the

>

physical and aerodynamic characteristics of tho «ir hir may be represented by ;
-— —_ ¥

the following dimensionleus parumeters

il

3 /p ‘/:j lu(V‘l-) ../é c{/ L', {Vee) s
Mo rad) AL T Crrdh (rok) ;

N, = 4 /q,('z‘é/’ A = at’Z«//(‘l’DV
. ‘{G-//K a"(’n/a/o«

/
._/.. ( '4‘ -~y = //!/"4)
(7.3 T

ASRL TR 72-1 15

(2.30)

'V"\f ", o ¥ €y W, I.f‘ L PSP u" -, W, ) LR P .F "'".r","_'{".’.’."_ > N » o
n":'ﬂ'.‘*\l'. -f‘."g.' A :’ P ',f_.('\]";: AL -e*..'.’x“r:')‘: .f:".,'-“'.‘r N Sﬂ oy '.z-*.r R O R T B MR R DAL SRR



T a S (A O S R T A U RO A T e M O W e L N e W W ALY
S 4

PN U Rl Sl 5 " N a0 S Ca I e B L B AL AR R AR AU YL A &}
LN 525 LSl R L AR PR AN I NN P B AT AN NS AEAE A

- - s
!

i,

- |

== :_'g:wq

'n terms of the new time variabla  .f and_the priamaters given in 53
Fq. (2.30) obove, ihe mquations of motion of tha airship in nondimensional “f"‘i
torm become i

/. /
._/....;’#.Z—./fnrf-/ﬂﬂ/)p,-*&' = Wb %&
A Vo

7 / / |
../._. ol — A, e ~-6& *z = Wo (,/;.), ]
p v :

{2. 1) Y

where iy

% = _/_ WG/A"‘;/ ﬂ/{/'{,/q/f J

“ = &)
4 T 6’ly m ‘/f .

£ ,

sﬂ = =2 - -4/ ‘?‘,f{ /
7 W, Ar
Aa/y <
(2.33)
and ;::‘ x .

L,

2.5 Discrete Gust Excitation '
In the discreta gust analysis, it is convenient to determine first

the growths of lift and monant ucting on the airship s it panatrotés o sharp- e

»dged gust. The growths of lift and moment due to ony desired gust profile
may then be obtained by applying Dubamel's integral to tha sharp-edged

gust functions. - ~ -

i’
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The growth of lift di s to a sharp-ed.jed gust, leo

o
Ay -
TE ey

it obtained from Eq. (2.7 ) by pulting Wo /4-F). 20 o integrating

S
Tl AR

2

up to the gust front

-~

W TR Ak |

|
.3%:.«»,

0 et ) *’fff// Y
/’[}"//o 4 n 0i4L sy o

%{'0 s) = /0 A '(r . i

(2.24) R

T

Thos the 1ift uciing on an airship as it penetrates o sharp-edged gGit varies

28 PPl

with the apparent area cf the cross-section at the gust front. Similarly, the

Ny

ko

growth of moment due to a sharp~edged gust, ww,.,oo , s obtained from

Eq. (2.33)

S L

gl §

Al

E1+)

v i VTS

Groo = Lo [then-5) L5 41
(4)r L - 5

P ey RO,

Foi

which, after integrating by parts, vields

n _...
Te s refE
T S g

%;,, )= —= [Kﬁ; ~1) 4,04 + //}/o’ 04 A £ F
//)r 7 .

o
%w MAl= 10 <R

The growths of 1ift ond moment due to en arbitrary discrete gust profile, e
We ”‘//Wo are obtained by applying Duhamel's intagrol to the indicial
tunrtions of Eqs. (2.34) and (2. 36):

L

b

seni
L T

ASRL TR 72-1 17




e
3 "'l

L

)

[

e

fi

4
4 r "~
Corn=vht) B 0+ ] =/ e /Y teerdr
“ We e o Jr We 4o

(2.37)

4

e
%6 )= Welo/ %(4)/. —-— %(r//%&’(l-/'}fr

e o o Lr W»r

(2.38)

where ("’

¥, 3/ and %6 r4) it is then posiibl2 to solve the coupled equations
of motion, Egs. (2.31}, for the responses S ¢4/ ana & (4) . Since the
airship is of rest prior to distrbance, the acrompanying initiol conditions
at A=0  are

is o dummy variahle of integroticn.  Knowing the forcing functions

/ Vg
f(o,’ '=f(0/=: ﬂ(ﬂ,’:@/oj - O

(2.39

2.6 Random Gust Excitation

The r&sgonse of the airship to rardom qust axcitations moy be
determined by applyirg the concepts of gene -lizad harmonlic onalysis which
are discussed in Refs. 21 tkrough 23. With the application of these concents
the response of the airsnip can be dascribad in sarms of statistical or averaga
quantities, the most ‘mportant of which is the meun square valve. It is
msumad that the gu;f rurbulance s o s?d?lonmy random proc;u possessing
the piogorties of homogenelty and lsotropy. “tationaiity and homogyunaity
imply that the statistical characteristics «.f the turbulence ara inva.iont with

- -
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time and sp~ -, respectively.  lsotrepy implias.thot the statistical propertiog

of the turbulence are independent of the airship flight poth,

e

1
4
{
S LAY

- ~— -

It has been shown (Ref, 21) that the maan square value of o 1es-
ponse of a linear system, - F}'& , may be foun” from the following relotion-
ship:

-— -

a
— o 1 * _
= —//f%‘ ) Frury s -
o

(2. 40)
where HR( iw)

is the transfer function or fT;quency response function of
the system, ond D (w) is the power spectrel density of the disturbance,

both functions of the harmonic frequency w. The output ¢ may be any

rasponse of the system such as velocity, acceloration or stress, The transier

function is the ratio of the amplitude of the sgtem response to the amplitude
of G sirusoidal forcing function.

@
|
ke
i

As in previous theoretical studies of a'r turbulence (Refs, 22 h

ond 23) the power spechal dersity of the vertical qust valocity will be approxi- .
mated by

/.ar/ 2 .
Prw)= wi o /”“7’“/

Tl T anes

) G —— o e————

N 77’% . Aff b 3y 4
/ U

7 %7

3

(2.41) H

whers W: is the meon squor= valus of the verticol gust velocity end ,/
is the scale of turbulence, which can be considered as an approximate measure

A
uf the average eddy size in the turbulence. The transfer function of the air- '

ship Is found by subjecting it fo a continuous sinusc i-al gust pattern of the form

N

.

T W T KT X R WL —w ———

¥
i
i +
%
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i
s %)

v
= - .
-
%,
o 1
E .
.,’ h
B ' .
X, 2: ’ g
.. Y
¥ { : ut:\;
;- R 1
. i
'
!

¢ %r (Vf - x’) :
ff_c: (xl {'} = C N :
Wo .

(2.42) !

fquations (2. 41) and (2.42) may be rewritten in terms of the reduced frequency

parameter A= wle o | ]
Ve »

Dhr) = wl e (2 es k)
i (e A" (2.43) 4

d

4 (5~ 1 e

We - € / ~ - a
W

(2. 44) Yol
where A = :/‘,( . Tha stecdy state 1ift cnd moment functions cre cb- o

-

tained by substituting Eq. (2.44) into Eqs. {2.32) and (2.37), ~ s

(’45. (4) = f(4) e - -

— "ba ] Y
%0/»‘14’/2 /}(l}c‘ e

(2.45) *

where . X
/ iR 1

Y 720 .

Ei#) = /- L)
#) Z e G S

7)
T il (2. 460)

’
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The displacaments £ ond 8 will olso be periodic and may be written

as
S=fne ™’ =5 e i
9-6:.""_ g
whee T, ' 8, ore the omplitude of tha displocements and are

complax quontities. Substituting Eqs. {2. 47) and (2.45) in Bgs. (2. 31),
the cquations of motion in matrix notation become

r' 2 .qr ] r- -
"':)__4_ v‘-J-n‘ -‘/-l.fox,t 7,,9,,)4‘6 ;‘, {(i)
- %
4 ~r-# i, 4 || & £e4)
. i |

The tramfer functions with respect to the vertical and pitch acceieratioms
are obtained from Eqs. (2. 48) through the foliowing relationships
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Finally, the mean square values of thete accelerations ore found by opplying

£q. (2. 40)

2, ‘//5 /AHJ/M”
0 /;z"vul'/ =

N
'\

o

—

”; W: /90 l'z’L‘szJ://b 4
7 o (/ﬁ-‘* )4'/ (2.50)
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STRUCTURAL LOAD3 N

«
L AR

3.1 Bending Moment and Shear Due %o Discrete Gust Excitation '

Tnres ,.-.xf

=

The structural '~ads acting on the airship may be found by K
considering the inertio loading and the forces due to gust and metion when the S
airship is disturbed from its equilibrium flight condition. The airthip is assumed o
to act as c free-free beam with its loading p(x, t) distributed along its longi- o
tudinal axis. With reference to the loading diagram given in Figure 2, the

Lrae 2

16U Ur Leimating FIOMent at station X, are Yy

X
5=/frn{//x

Xo

Y = (x-—ﬂ/,uf’f/*//x

(74 n
(3.1) '“
Substituting p(x, t) from Eq. (2.3}, Egs. (3. 1) become ’

/‘,‘6"' ,«--!éﬁ ~(x) /f(xco”‘}é;’]/}‘/x
ox

3.2
Yo -

M //(Xo -x) ‘”"" _solin ,,..(x}[,j «-fxm-x)é]}d/f‘
f )

() 7l

- : S |
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The bending moment may be sxprassed in nondimensiornl form,

by the following coefficiant which is commonly used in airship design (Ref. 17).

/’ M
arsm =
) 4 /«./Vu/ *73
- o - (3.4)
Substituting Eqs. (2.9) and (2. 23) Into £q, (3. 3) and converting to the non-
and

dimensional voriobles _g + the bending moment coefficiant

ot station &, due roagust profile Wy /4) becomes -
Wwh
- 4 - -
lon = 2 W ’- s [ tr =
Lo We LA g
{ Vou j e Ve L /0 5’!" e gﬂ'"ﬁ o £ -’"} J’-
’ / s,
+(-f I, + & "I, -2 (LrZ)
W.//v. M/V.-— M/“

FZ4 =
LTy T) el Bt

“o/Ve TWe
2.5)
where Cgﬁ. o B the indicial function for bendirg moment
A
LL(f)
%ﬁo, /A/-://ﬁ-(/’ < dE oiqs S
s 4
a’
nr /J/-//s" 5/ _._{_fx_j e A5
(3.6)
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0 .
) G.7)
The shear ma;olso be presented in cosfficient form by defining
a shear coefficient as - - -
G = 5 ,
F A <
f ( VDL ) /% 3
-~ - (3.9 “
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where S¢0 is the indicial function for shear i

agnd At 2

%,GO = '7‘:/4/ - 5’—[/5—-/— o 'j:
;:{

&l

Aeon SR/ 4 > Fo L
(3.10 R
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3. ? Shauar and Mnd.na Hr-monf Dvue ta Random (- - Tvcitation F

c———— -

The opplication of generalized harmnic analysis enables one
to find the mean square vriums of the shaar and b ding momant o3 furcticns

of the scaln of turbulance.  Tha procadure entolls firyt the determination of

the transfar functiom with 1espect to sheor and bending moment and then the

>
3 o PSP
HRATER

opolication of Ba. (2. 40) to cbtain the maan squars volues.

\ The transfer funclion with respact to sheor is found by spacifying i

. “y
v the gust pattern as _ i
i‘A ‘& (5 ,7/ iy
. W < 1
We B

i

(.17 3

in Bg. (2.72) und the displacen.ents S' ang B ot e

44 .8

§= Soe D&

L - - -

. Crg

4 44 N 4

tr = - - %

¥

- - (313 .

. . . . £ E 74

in Bgs. (3.9). The resulting steady-state <hear evoraesion at starion  Jw -

becomes i

§ L - -
S~ 2g 2% e o0r) 48 | Y
‘A AL &

o [‘Az(’ZZ.L'{l/ AT, 3
Yv’./V'.L /"

X CAA
+ & ! 1 Z,, #&(Zyr 0/ +~’A T,

. e/ | - ‘ } “

_ (3.14) .
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Vet va, rewriting Fq. (3, 14) as - ,&,:
;:’3“%—1‘
o Pl 614\_ —
&2 = Do <« o
- ( y |5) .,
&
where —
\ '?]E VO [S; + p/ﬁ ] .
(2.18)
the transfer funrtian withrespect tc the shear coafficlent is I
o .
w . s V.
A, '/’ = = ",5: +l‘5,'“l ¥
('s - /7 I,/} . - 8
’9 (vor) V (vee) .
(2. 17) P
<
The axpressions Sg ond § M ore the real and imoqinary componenis of o
the tarms in the brackets of Bq. (3. 14) and are given in Apperdix A. ‘
Applying Eq. (2.40), the mean square value of the shear coeffi- o
cient ot station fo s L
Py
/! 2 5 - [ ) [ 2 z/ '-
§ = o, W Se N 1387 5 £F o
T V") V 2 i -x"”‘"‘:"l o
° Jo (A. fA‘/ N
(3.18 :
In o similar manner, the steady state emplituda of the bendirg imument is
found to be
b
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So
/,,/‘7’),. = 7(;/,.‘3{‘1 /f:-—f//c :’{’y{/rjqf{
\ = I D Jo MT |
+ 55 | B e Ts ) 4 j-\

' 5 L j
:‘ - - - (3.19) )
{ Rewriting Eq. (3.19) as - - -
2 Wa‘ (am) ). 1 -
j @M/o = 28 b LW | (%) + o (87), J

| - > - ¥
i (3.70) 5“’3
: the transfer function with respect to the bending foment coefficient i e
.f ) i
: @/’) We :;
; Hegr = ___._{_.; = [(m} .d (871) J ‘
9 b (vee) 7V (V") d
~ T @ 5
x* and the mean square volue is X 'x'j
! - "3
] @ A
! — — / _ %
: » T y73 5‘/0' " 2 2 4‘ i
f g = - bk : ps )
G =g e e fLen ] 2 e3Ah 4y

' 1 gy /] .
. %o T (A rAY* b
‘ (3.22) ’
The expressions for (BM)R and  (BM) iM Ore given in Appendix A, j
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2.3 Corractions to Account for Viscous Effmcts

The axpressions tor the.shear and bending moment coafficiens,

Eqs. (3.9), (3.5), (3.19) and (3, 22), aro consistort with the locding v~ !

to derive the equatiom of motion (Eq.(2.21) ], if the stability derivats.
ond apparent mass terms of Eqs. (2.31) are derived from slerder- body the vy

ond do not include the modifications sugaeited in Section 2, 2 to occount
for viscous effects. {f viscous corrections ir .tded in the equatione ~f
motion they should also be included in thash. =, sendir- n net ax-

pressinns. A means of doing this s to nwlticly the appropriate terms of

the shear end bending moment equations by the ratio of the empirical volua

to the slender-hod, vulue, Thesm ~arrections . 3 esc?’ T-% ' zad t--p
they may be applicd directly to the Integrals 1) ~ {y ¢ the indicya
functions %‘, . %"60 , ard the functions aq f‘o of
Fas.(A. 14) and Yor Sq ¢ of Eqs. (A.14). Taoble Il presents a tabu-
lation of suggested corrections to the corrmipuiding slender body values
which have been opriied to the axample -:itship of the next chooter an

may also be used ‘o: other airships of similor design.
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CHAPTER IV

DYNAM-C RESPONSE AND-STRUCTURAL -
LOADS OF A TYPICAL ARSHIP

~ -

The dynamic response and resulting structural loads Gre computed

for a typical non-rigid airship under the influence of discrate and random yust

excitatiors at an altitude of 5,000 fest, Tha pcromriers raquired for the equ-

ations of motion are - - -
A = e Tor, =- 3,318
poo=4 114 T Y,
fy o= 1.776 N n = . ??23

ond were evaluated from the data presented in Tebi~ 115, It ic ,0en that the
variations in thesa norameters are very small for tha fowr major types of non-
rigid olrships curruntiy I, operotion. (Table V). Furthermare, since the
operationai cltitude of the airship is probably betweaen sea !evel and 10,000
teet, voriatiors in the cir demity will also be small  Thus the parometers in
Eq. (4.1) obove and an altituds uf 5,000 feet will ba considered as typical
of oll current non-rigid airthips. Therefore, a paramxiric study will be con-
fined to varying the gutt distirbance parameters, The data for Tablax ill
and 1V were taken from Ref:. 14 and 27,

4.1 Reiporse to Discrete Gust Excitation

The transient rasponse of the example ai:ship Is obtolned by
olving Eqa. (2. 31) with the prescribed (nltiol conditions of Fas. (2.39).
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Tha arzlysis antails first the determination of the -t arp-edged qust fun *ions,
Eqr (7.34) ond (2.36), the spacificotions of o must profile we “//Wv
%,,' t4) ond Fme 1a) from Eqs. {".37)

and the avalyation of
on (7. 39).

The arowtiy of 1ift ond moment due to a sharp-edged qusi  da-
perd on the apnarent area of the crots-section of the airship at the yust front.
For suctions on the envalope between the bow and fing, 0 £ § 4 S';-)

the aprurent areo is the oren of the cross~section

/,/r/::’lTr?l- 0oL §F £f5,

-

where R is the radius of the envalope, For the t-il fin ¢ onfiguration of

Figure da the apparent area of mach cross—sectinn is (Ref, 24)

2
L) = mR | 8= . £ _,
&‘&

The fins of the axamole airship olto have @ cruciform configuration but are
at A5 degrees with the yertical plane, os shown in Figure 3b. Since the fins
ore rotated at 45 degree, tho vertical 1ift of the ccots-snction shown in Fig-
we 3o i identical to thot shown in Figure 3b If ba'h are immersed in the
same flow. Hence, Eq.(4.3) will be usad in thit report, The_exprassion

for the mrsddope radius B wos obtainad from Ret, 25

- ~- —_

s iy p—————— moroen

/P(,(}'-'-‘ Z’Fﬂn; (/-/1//—.;/1.5'1{)-/5;[/__ f) -
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Using By, (4. 4), the indicinl functior< for lift and momernt

dum to que penetratior, D5, (2.24) and (2, 20), o-»

2
%60 - iI’i,q: 1. BTA L. ¥37 4 +/-/7.’#.4)
4+
- 2 ‘;1 ~ -
— ./lSvu/j J (/1 )
2 3
(/;“ w 4TKNL]. i98300 -1 9206 4" » 206674
(/’ra}r

whers e

(/"}r = 4700 FT'-

.

Glr= 3757 300 £7°

(4.7
For cross-sections on the fin body combination, £« £ ¥ < Sr .
Eq. (4.3) wos evoluated from Figura 4 which prasonts the approximate plon-
form of the example airship fin, The apparent area in this region was epprox-
imated by straight line segments as shown inFigure ¢ ond the indicial functions

for this region ore

7 /900 + %5130 (F-$5)
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whera

{4.10)

b

Plots of %‘, ond cp‘y‘” are pre<ented in Figure 6.
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(4.11)

where g is the gust gradient distance in terms of the airship length.
Plots of the growths of ift and moment due to this profile wers obiained by
numerical integration of Fqs. {2.37) and (2, 38) ond are presented in Fig-
ures 7 and 8 for values of Js equal to 1/12, 1/6, 1/3, 1/2, 3/4.

The equations of mation were solved numerically by using ¢n
Adam’s method expansion retaining third differences. The required first four
points of the axponsion were obtaired by a Runge-Ksitta solution of the two
differential equotions of motion. This numerical procedure Is commonly used
in solving equations of this nature and may be found in a standard text such
as Ref, 26, The computations were performed on the Burroughs E-101 Digital
Computer,

A typicai time, nistory of the nondimemsional response of the air-
ship fo a one-minus~ccsine gust with a gradient distonce 4g = 1/2 is pre-
sented in Figures 9 and 10. This grodient distance wos selected as an illus~
tration becouss it nradieas tha iitical looding un ihe airship, This is
dlscussed in the next chopter, The results of the transient rasponin ara
summarized In Figure 11, which presents the maximum values of the non-
dimensional vertical and pitching accelerations of the center of gravity es
functions of the pcrameater A . The tires for these 3ccelerations
13 - szch their peck valuss are also presented and given in terms of the
penetration distance 4 .
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Tire historime of the follcs 11 have also baen celeuletre '
3 function of tha parameter 4. :
a. Figure 12, The anale of attack at the center of v ~rive
of the fin{ Sep = .8543) colculoted from
/ 7 {:
l'd il )
“((” = f. -z "/«cr-'ﬁ's)_‘?_ el Lfr "
Yo /vo /o Weolve Wl we/lo R
. >
- } -~ - / by
K(s) = & 5 s lfer-$ec)b
—_— p = ;
w,,f% Wo /o vy Wo/;/,, "
s
— / ,—b—/‘ - 1:" ’,
— - co3 (g~ Fe .
7zl 4 4 A~ fer :
- y
. (4.19 M
S 2
3 = = 5
hy b. Figure 13. The non-dirensional vertical accelerati-n .
200 of the taii secTion a! the cenver of prassure of the fin, o
¢ colculated from v
{ ' _
| it o
8 ?” -
I - ..
- - - - / 4
2 . ) :
L4 :(7" =5 - /‘-cr~§£‘c/_5_‘_>__ :
NE W/ o, Wo Vi
% 52 .
N~ & :;’
) ‘f (4.13) !
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4.2 Resporse to Random Gust Excliclion

b The procedure in the random gust analysis requires first the
‘ determination of the steady-state {ift and mcment junctions, ¥ 1 (k) and
. Fz(k) , given by Eqs. (2.46) and the computation of tha transfer functions

: He ” ond A7, £qe. (2.49). Plots of the absolute values of
V1374 , /,c_‘/‘;/ My 7 2, and /’//o ,_-/z ara given in

Figures 14 through 17 cs functions of the reduced frequency k. The mean
square valuyes f”“ and 8" “ore presented In Figure 18 as functions of

the scale of turbulance £ , obtoined by numerical integration of Bq. (2. 50).
The integrals w -e found to converge at k= 100, The power spectral density

of the disturbonce used for the computations, Eq. (2.43), is presented in Fig-
ures 19 for values of the scole of turbulence runging from 100 to 2000 feet,

-t ety

Ay o .

4.3 Structural Loads Due to Discrete Gust Excitetion

‘ The physical and ecpparent mass data required for the structural
analysis is presented in Table V for verious statioms .,  along the longi-
tudinal axis of the airsnip. The dictributed moss of the example alrship was

taken from Ref. 16 and Is presented In Figure 20,

A time history of the shear coefficient, Bq. (3.9), ot statinn
o0 = .8171, is presented in Figure Z1 as a function of A4 . At this
station the shear represents the normal load on the tail section ond is of primory
iraportonce in design work, A time history of th ; bending moment coefficient,
Bq. (3.5), was computed at £, 3¢, 4572 where it was anticipated to be a
meximum and is presented in Figure 22, The maximum vclus of CBM is
very important to the designer since it dictates to o iorge axtent the design

e R S

of the airship envaiope.

The following computations are also presented:
a. Figure 23, Peak valuerof £6% /¥olts ot
o =.4572and € /Werve ot So =.8171

os a functionof A5 .

e ~—
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b. Figures 24 and 25. Time histor tos of /",/""/V’ ~e " -f;
Eo =.8171 ond C?7 /" /% o So = 45:: %

for Ag = 1/3, to Tilust:nte 1.2 relative cantribytions ‘ ig’

- of the distrbance, _motion, and inertia forces to the ’?
sheor ond bending moment, g’

c. Figure 26, First p‘ositiw- osak ond fir; negc’t v paal .
- of [}/-’w./v. at statiors ©o = ,M65, 3540, §
.5900, .7080, .8171. :

ta

d. Figure 27, Envelope of prak values of [l.w/"(-/v, ar 3
" times of occurrence. - ‘ %{

RIS

4,4 Stryct 2! nods Duz o Rardom Gust Eicilotion

The numerical results of the rord~m gust analysis ore summariz ad *‘

in the following figures: %
- " d

o. Figuwe 28, Squore of ahsclute value &F transfer functin- ' .{%

with respect to shaar coefficiant versus « at srotion ..gq

Y. «.8171, colcuiated from By (3.17). g

b, Figuwe 29. Square-of chiolute value of tansiar funiiiun :‘;

with rezpect to bending moment coeffictert vermn k of :;;

station  §o = .4572, caleulated from Bq. (3. 21). b

c. Figure 30. Meon square values of shear and bending '

4

moment coefficients versus sco.e of hrbulence, calcul-
3ts.d Ly nuecical integration of Bqs. (3. 16) and (3. 27).
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CHAPTR V

DISCSSION AND CONCLUSIONS

5, 1 _Discussion of Co!.wloted Rawults W

In the txevious chapter the responses ond sructual loads of the exorple g’

airship experiancirg o one-minus-cosine gust and randem gust disturbances have bean

s

™ S e AT b2

T

' cnteulated. They are presented in nondimensional form indepandent of the gust amsli-
tude W_ and the lorword velocity of tha airship Vo - Asindicated in Chopter IV,

these results also reprasent appronirintaly the charactaristics cf other non.rimid aitshine

P

-

P

-
AT ORI

currantly in oparation,

Tha significont observations that may be rmnaa from Figurs 11 ore that 1he.

3

pitching acceleration reaches u critical volue for o gini «ith a grodlant distance of wig
B

approximately 1/4 wharan the vertical acceleration is critical for a gradiant c'istance ‘2'
of cpproximately /4. In both cases the peak accelerntinm orcur shortly ofter the g1 B

peok, The results of the random aust analysis (Figure 17, indicate that a scale of
turbulence of approvimataly 1-1/2 airship lengths Is criticnl for the vertical accelararion,

Though there s insufficlent information in Figure 18 fo ‘~termine a critical scale of

turbulence for the pitching acceleration, It appecti to ba less than 1/2 on airship ler~h '5':x:_

. Correlotion betwaen the discrete and random gust results is fevocable.  Bath aralysms e;
show that tha critical wave length of atmospherlc disturbanca is shorter for the pitichirg -
acceleration thon for the vartteal accaleration. Alse, the values of — [ SA L ay ‘ Jﬂ
[I/Q/KL agree very well, the ratio of tha fotmor to the latter belrg 1.5 40 1.3, i

¢ st ould be noted thot this lost rasuh Is vo be cxo:rfed ond js ditcussad frther in Ref, 27 i

in which the discrete and random gust allaviation fectors of a rigid aisplara were 5o

3
coparable, t

The results of the structural load analysis ars e2n moce significant
since the designer Is primarily intarested in the mwimom banding mament on

: ths envelope and the moximum locd on the Moil secilon, The rewlts in

- —
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i Figrwme 77, 23 ond 27 shovs thot the maximum bonding moment an tha snvetops

ord it coused Lv o gust of approximately on:-;_o?nhin length ( /{(, = 1/2).
Figurs 23 indicates that in each case the pe—ok of the bending moment o* H
center of gravily occurs shortly ofter tha guat peoh, Th.e normol load .t the
toil section (the shear ot &, = .8171) olso reaches a eritical volue for
A = 1/2(Figure 2° and 23). This crifical value is ottained ot a pene-
tratien distonce of 1,24 airship lengths or of apps aximotely half an oithip
fangth atte the aud front strikes the tail ﬁnv Inading mdge.  As with tha

case of the vertical and pitching occelerations, there is else  favorable corre-
letion betwean the discrete and random load anolyses. The random analysis

{Ficura 30) showt that a wcale of turhulencs of approyimately one oirchip length
(A=) s eritizal for both Fhe maxirom exvelope bending moment and
the 1a:t foad,  Therefore, both meihods of anaiysis ndicate thet the critice!
wave length of atmessheric turbulence is the soma for the envelope and tai!

ioadings. The maaimum values of the curves of Ficure« 23 and 30 compare as

fo”ows:

.0805%5

1!

Con /\
W.[/‘/‘ VP T
/oA 5

[ Lane —_ .0866

i \ o A B

WG/\/O ~tay

AL

U/ ea x

—
1y

. < ]
: (== = 1.436
We /vy ! max

- 275

i

o—
5

-

The rewity of thic saction indicate that to detormine a critico!

qust fangtn ior the oirship i is nenassory to go beyand the determination of
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airship.  This point is suppetted by the fact that the critical volues of the ! '
vertical auceleration of the center of gravity and the pitching acceleration ‘;
are not corsed by the same gust length which results in critical values for the ,
loading ( A5 = 1/2). Furthermore, the angle of attack ot the center of 2
pressure of the fin (Figuwe 12) indicatas that .f s = 1/12 is critico! wha e~
as the vertical acceleration at this station (Figure 1) indicotes that an A4 4 o
of 3/4 or perhaps greater may be crifical. Therefore, on the basis of the .
structural load anclysis it is concliided that the critical length of a ore~rinus- )
cosine nust and the critical scale o turbulence are both approximotely one i

airship length and that Ficure 23 could form the basis of a gust design criter~
ion. These results do not ogree with Flomenhoft's conclision (Ref. 15) that
a gust with a length of three fin chords is critical. It is realized that his

-4

conclusions ore based on the occeleroticr response of the tail instead of the

loading.

5.2 Comporison with Sh;rp-Edged Gust ResuI;s

A comparison will be made with the procrdure foliowad in
Refs. 16 ond 17 in which.the loads on the cirship cre anolyzed for a 30 foot
per secand sharp-edged gust appiled normal to the plane of the tail fins.

LR A K B i Bt i Y S

o

The shear and bending mement distributions are comn ited basad on tha vaerti-

et

PN - -JEND FESE TAE SH A 3 SOPSIS CINE L TR v

cal load ot the sterndu to this sharp-edged gust. This precadure does not
consider gust lording of the envelope and prasumes that thic dtarn load ranre-
sents the most critical g3t loading  sendition Thw resuits of the pretent
investigation, however, {Figure 22), show thot the maximym bendung mom~
ent accurs before the one~-mins-cosin e gust reoc‘ws the fin !mdmg edge

(et A =.5/,. To show that the maximum.tail ioad as computed by the
method of this report does not result in the critical banding mement on the

o . envelcpe ond that the envelopw loading is important, the following calcu!-
L ; ations are made. Assuming that W, the peak of the one-minus-cosine
¥ :
: 4 gust, is 30 feet per second and Vo , the forw_grd velocity is 122 feat per
second, the moximum uvpward toil loed is found from Eg. 13.1) to be .
by . ‘
by
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A =~ /0,900 /bs

2/2
= (), ) 5=
= (O3
The moment due to this lood sbout tha center ¢f gravity Is 1,440,000 ft-ibs.
Tha net lcad contributed by the distributed lc.d
the center of gravity and the toll finc, colculated ot the Instont that the tail

ing on the anveleps betwaen

tead .

s a mGAtmum, wos Sound o bs 14,620 1L:, dennward, At g racult the
net bending moment aocut the center of gravity becomes only approximately
200,000 fi-tb. It is sen that this number is o snal! difference Letween

two large numbers and its accuracy depends on the accuracy of the distri-
bute lcading on the rear half of tha enelone. This distribuied loading Is
essentially the loading due to the gust disturbance which itself requires exper-
imental verificotion. One way iuv sccompiish this is to record the time his-
tory of the Eending moment at the centar of gravity and to verify the fct that
the gust disturbance at the tcil will cause very high local shear St o 2mall
bend'ng moment at the center of gravity station of the alrshio,

A further comparlson moy be maca of tha maximum bending
moment on tha enveiope and ths shear at the tall sozton, Refernnce 16

glves

(841} orax 850,000 F7-1b%

S =

—~s0, 200 V/ X4

{709y
17.3)

ond the results of tha prasent investigation give

(’3,17/”‘“ = /,0s0,000 FT-/bs
- —r0 Qo0 /AS
SNAK 24

G 4y
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The resclts of 2ef, 16 then ars unconrervative in comparison with the present

investigation, moreso for the hending momant than for the shear,

In calculating the operoting pressurs of the eavelope, the value
av (Com Joc ax that is commonly used is . 018 (Ref. 16) and is inde™
! noadent of the gust amplitude and the aiiship flight velacity, The value of
/C.‘OH)MJK obtainad from Bq. (5.1), however, is o function of both the gust
: wvimplituda and tha fight speed. For a gust amnlitude of 30 faeet per second and
a flight spead of 122 fest per sacnnd, Fn. (5. !) gives a value of . 0198.

5.3 Conclusions

- ——r —

The major conclusions of this report mcy be summarized as

- ~— —

SmAT s e

follows:

Thera is no apprucic“&d H#02-3nee butweanthe disﬂmte L
gust factors ( 3/.4. ‘//-44 .t (\ "/A"/“/lﬁ‘f * 4

-/C?”‘/""/Vn).“ and tho_mn»ﬂf_ n gust factors (f/'%( Jo-ax

(C’/n"/"-)mx and ((f_’:'/w /";Z,;,

2, Une-ninus-cosine gusts of ore airship length end
random gust disturbonces with a scale of tutbulence of
one airship length are criticsl for both the envelope

S et D bt o Y ot e e SRt SR, A K B e & Pt o
——

and empennage tonding of the cirship,

3 Gus! loads on the ervalons orx important and <hould be
considered in o theorstical anslysis.

4. The critical gust lo~d porumeters for the envalope and

smpennage of non-rigid eirthips currently in opmation,

based on the discrate gust arlysis, are

Cenw = .08/ w,
Vo

: Cs = —.30 ¥
i Vo

P
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5.4 Recnpu, sedations for Futix e Reseorch

It is rrcommended that the exomple oirship be instrumented
for flight testing to nbic.n comoarison with the theorerical results of this
repoct, For correlation with the discrete gust study, time histories of the

following should bae rgcrxded:

1. @ /mtical v locity and acceloration of the center of
‘ gravity,

2, Pitching angle, velocity, and acceleration,

3. Vertical acceleration of the tail section,

4, Normal load on the smpennage and banding moment

at the ceater of gravity of tha airship,

of the airship shouid be locked and any deviations from a prescribed setting
should be racorded. The NACA and the Boeina Airpiaic Company heva

30 are recommanded for further study. Two bacic msthods which buive besn

the airplane response and t!.e gust input. The second methed requires the

specirum of airplane responsa and tha cross specirum betwean the =i input

bow of tha airship. Serious boom vibrationa! prekiems moy arise, since the

in Ref. 13 may be triad in which on imhumented airplane would record the
turbulence iave! in the neighborhood cf the airship by making successive

- a2 -~

St St~ Aal s Ut Tt At BAt o Anv EnS e S n b e e Adalatalint oAt SN A UR T of
T W S O S 0 T R o O T L O R

Fer a correiation with the theoretical randon aust study, the transfer functions
of the vertical ond pitching accalerations and cf the emponnage lood ond en-

velopa banding moment should be obtoined. Diring 1he rext rurs the controls
been successful in conducting similar tests for nirplones and Refs. 28, 29 and
used by the NACA (Ref. 29} to determine the o plitudes of the transfer func-

tions may be mentioned. The first mathod mckes uen of iho pewer spechivne of

ard the girplane rasponse, [ the mousur~ments of the gust input are accurate,
the two methods should give identical results. In determining o means by which
the gust input could be measured, comsidaration thould be given to the fros-

ibility of using o flowdirection vane mountad or a boom and diiuched to the

bosm must be long enough so that the vane measitsments can be made out of
tha girship flow ficld, -'f this method is not-sucaruful, tne method sugoested

R A
o
A
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pasies &0 the ainhip, This lotter methed §s fansible Tor measurement; of tha
power e ~beam of tha xoa but not applicable for ~sasurmnents of the ¢

spact-um Lotweaen the 2ust and airship respente,

-

it is realized thot the contrals locked condition is somewhai
ideaiistic nd that the filot is constently using the controls to correct for
disturbances. It is suqgectad, therefora, that o tha setical study b made
which witl include an outematic control yﬂ;m an~ will consider the sffects

of control surfoce deflections an the rasponse and icad.~g of the airship.

= ~ -—
- —-
- -
—~— —
———

ASKL TR 72-1 45

MR, NN LT LML LW LT L LWL W, W W NN et G A : .
e By S T I T T LT ST T S YA, e W 97 P, S
AT S RS N

Vi

N

VLW W

RN

LN vvi\-.' v‘\‘rki o

I
Y

,

e
o,

ke

L A R LR

w e

4
e

17

dat

g

B

wiix

5

FY

A

DR
"o

s
[ L VU

Tooar

N
=

e




APPINDIX A

TRANSFER FUNCTIONS OF THE EXAMPLE AIRSHIP

A.)1 Vertice!l and Pitching Accelerations

The tiansfer functions with respact to the vertical cnd pitching
accrlerations of the as-ip ara found by applyirg Cramer's rule to the system
of Eqs. (2.48):

1
T, _ / ,/;-(A) et A /Tf‘ ""”’7A-;4
We V
A(A) (A1)
!
_-i;_’“-,g _RA)
G -l A - R (A) -
Wo T M 7T ATAT -
(2 2
where i N -

/3
_-—;" +-(,'14 \..__/ _L(’M'#"P?/!/ft
- 2 -
A - - /_é. Ly £ |

(¢.3
The lift and moment functions F (k) and Fol¥) ara
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Substituting Eqs. (A. 4) into Eqs. (2.46) and integruiing,
Fy (k) ond F2( k) con be reduced to the fallowing forms:
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+ Ascosd &3 # A "“v"lfr f/")
. 1'3';
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Similarly, for the steady=-state hioading moment coefficient ,

Tq. {3.21), substituting Eqs. (A. 11} into Eq. .19} results in the tollcwing

expressions for the interval

04t 5,88,
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